In this article, a knowledge management framework is proposed as a strategy to improve the new product development (NPD) process through the integration and application of scientific knowledge and experience of biomedicine. The framework provides efficient management of the knowledge developed through the NPD activities, it creates a collaborative environment to promote innovation, and it provides the mechanism to integrate the knowledge of biomedicine to increase interdisciplinary scientific knowledge to create new opportunities for the development of innovative products.
Introduction
Confronted with highly competitive markets characterized by faster and uncertain changes in the needs of customers, the industry requires that the new product development (NPD) process has the capacity to innovate constantly to design products and services that better meet theses shifting needs. Traditionally, the NPD process is mainly addressed by engineering and management approaches. However, since there is an increase in complexity of new products, it is necessary the access of knowledge from other fields.
Following this trend, biomedicine is one option to provide new scientific knowledge and experiences that are difficult to acquire in engineering science. Successful collaboration between engineering and biomedicine a have long record of in the development of medical technologies, but biomedicine has remained on the periphery in the NPD. Nevertheless, biomedicine has much to contribute to NPD. Large amount of knowledge, scientific effects and phenomena widely used in biomedicine could contribute to the development of new products and technologies. Take, for example, the antimicrobial properties of silver and gold ions that have been used for medical purposes for many years to prevent infection. More recently, this property has been applied to consumer products to kill bacteria [1] .
The aim of this article is to propose a framework that would enable collaborative innovation and knowledge management during the NPD process to integrate scientific knowledge and experiences of biomedicine to increase interdisciplinary scientific knowledge in developing new products.
Sources and methods
A literature review was undertaken to identify the key components that are required for developing a knowledge management framework.
New product develop process. The new product development (NPD) process is focused on the creation of new business opportunities through the development of better products to meet the market demands and others social needs. In general, the NPD process ( Fig. 1) involves the following phases [2] : 1) Discovery: 2) Definition 3) Design, 4) Development, 5) Delivery. This process begins with the identification of opportunity of a problem to solve which is defined in detail in the next phase. Then, the design phase involves the search for ideas to generate concepts. The concepts with the highest potential for becoming a product are developed to create working models which are then evaluated. Finally, the delivery phase involves the positioning and launch of the new product.
To ensure a competitive advantage, the NPD should be a dynamic and continuous process of transforming ideas into innovative products [3] . Thus, innovation plays a key role in this process. However, the creation of an innovative product is always a new challenge due to that it involves a complex coordination of social, political, managerial, commercial, religious, biological, and medical factors. The reduction in this complexity of innovation has a large dependence on the availability of multidisciplinary knowledge of science and engineering [4] . Therefore, it is necessary the ability to generate, share and apply creatively the knowledge from multiple sources through collaboration to generate new ideas which can be translated into commercial and viable solutions [5] . Hence, knowledge and a collaboration are fundamental factors to innovate that lay at the core of NPD processes [6] . Now, organizations are becoming more concerned about the importance of both factors. As a result, knowledge management, on the one hand, has emerged as an alternative to capture, manage and preserve the existing internal and external knowledge in an organization to be used to innovate faster and more successfully [4] . On the other hand, the collaborative innovation emerges as an alternative for sharing and generating highly valuable knowledge by a multidisciplinary collaboration to stimulate the innovation process [7] . Both elements, which are discussed below in more detail, could be integrated as supports for the NPD to have the ability to capitalize interdisciplinary knowledge to encourage the development of future innovations.
Collaborative innovation. Collaborative innovation is the process whereby the firm creates and integrates knowledge and expertise from internal and external actors through collaborative work to accelerate the innovation process [8] . The collaborative innovation is based on the collective intelligence paradigm in which it is possible to obtain more competence, resources, or information to solve problems through the intelligence of groups than individuals working in isolation [9] . Recently, as new information and communication technologies supporting collaboration have become available and the necessity of interconnections among different sciences to solve complex problems, the collective intelligence is used in the collective innovation as a distributed architecture for collaboration to facilitate the participation of different actors in the design of new products or in the problem-solving process [10] .
This way of collaboration represents a paradigm shift in the innovation process that is attracting the attention from researchers, academics, and business communities to create multidisciplinary workgroup networks to develop innovative products. The advantage is the possibility to integrate external and external knowledge to stimulate innovation in different phases of new product development. However, there is still a need for a mechanism to identify, formalize and store the knowledge used during this process to be used for creating future innovations. As the next section presents, Knowledge management has emerged as an approach to solving this problem.
Knowledge management. Knowledge has always been at the core of economic development and social progress [11] . The production and integration of new knowledge combined with the capacity of learning quickly to solve problems are vital to adapt to the changes in the business environment and to innovate. Thus, organizations are seeking ways to acquire, create, develop, share, transfer and apply knowledge to create sustainable competitive advantage. Knowledge management has emerged as a solution to these issues. Knowledge management can be described as the process to formalize and manage (create, transform, transmit and incorporate) internal and external knowledge to make them available in order to be used effectively and efficiently to generate ideas, practices, process, products or services in a successful manner in response to market demands and others social needs. Knowledge can be either explicit or tacit and includes facts, opinions, ideas, theories, principles, models, experience, know-how, values, contextual information, expert insight, and intuition [12] . The benefices of a knowledge management approach include the creation of an environment to facilitate the collaboration, knowledge sharing, and the creation of a continuous learning environment which are key elements of collaborative innovation [4] . In addition, Knowledge management could be an important support to locate and identify essential knowledge in the different domains of science in order to increase interdisciplinary scientific knowledge to the NPD process. 
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The knowledge management process used to manage the different types of knowledge involves the following steps [13] :  Knowledge assessment: in this step, it is necessary to identify and assess the crucial knowledge from various sources and from various experiences to be preserved.  Knowledge generation: in this step new knowledge is created through collaboration, research or combination of knowledge and experiences.
 Knowledge capture: This step consists in the selection and storage of valuable knowledge.
 Knowledge synthesis: in this step, knowledge preserved is generalized in guidelines or best practices are available to be used.
 Knowledge sharing: in this step the generalized knowledge is transferred through various communication mechanisms such as discussion forums, online publications, communities of practice, collaboration networks to create new knowledge and solve future problems.
The integration knowledge management could be a support to locate and identify essential knowledge of biomedicine that can be used in the NPD process. But there are still two principal barriers to the integration of biomedicine in this process: the difficulty of merging the biomedical scientific knowledge into the engineering knowledge which is the most often used in the NPD. Secondly, most of the knowledge used during the development of new products exists tacitly and therefore it is necessary a mechanism that capitalizes this type of knowledge [6] . Thus, the next subsection describes the mechanism to deal with this first issue. For the second issue, our framework looks into this problem and proposes an appropriate solution.
Integrating the knowledge of biomedicine. As is well known, the introduction of new scientific knowledge or the use of knowledge in another context or domain leads to proposing new creative ideas. This is the case for several scientific effects or phenomena that had been identified across the scientific domains and been applied in the development of new products.
In our case, we are interested in integrating the biomedical scientific knowledge into the engineering knowledge that is used in the NPD. Thus, the methods and techniques of engineering design could offer a unique opportunity to formalize, model, visualize and transfer the knowledge of biomedicine into the common vocabulary. In particular, the functional representation used by Pahl & Beitz [14] could make possible this formalization.
Functional representation process The first step in this process is the identification of valuable knowledge of biomedicine. Knowledge acquires value when it solves a problem, it provides a useful action or it creates an improvement (in a process, product or service). In the next step, this valuable knowledge is translated into a common vocabulary for engineering using functions. A function is defined in the form of verb + subject that expresses in abstract form the desired change in an object (substance or energy) or its properties (Table 1) . Thus, using this functional representation, the common biomedical knowledge can be redefined as follows: the name to define the knowledge, the type of knowledge (principle, practice, method, phenomena or effect), its description, the function that it carries out, the result of this function as desired action/improvement that it provides and/or the problems that it solves, the necessary conditions of its existence and those who possess this knowledge (if it were the case). Finally, this information is used to create a new knowledge to be stored for future use. For example, a well-known effect in biomedicine is the antibacterial effect of silver, it can be defined with the function "reduce the amount of substance (bacteria)" that result in the prevention of infection. Application of silver: as a substitute of inorganic oxides and organic material biocide, for water disinfection, nanosilver coatings to prevent the formation of bacteria are applied to portable communication apparatus, food packages, refrigerators, washing machines, clothing, and personal hygiene products (Table 1) .
In addition, this functional modeling can be used as a way of facilitating the communication of the problems of biomedicine to engineers. A problem can be defined as an action performed by a product or process. This action can be expressed as adequate, but requires improvement, harmful that requires its elimination, excessive or insufficient that requires its enhancement, and absent that requires its introduction. Then, the Root Conflict Analysis [15] , another engineering tool, can be used to complement the description of this problematic situation. Using both descriptions, a common vocabulary can be created to define the precise meaning of concepts and their relationships in a biomedical problematic situation and then the problem can be easily interpreted for engineers. Another way to incorporate the knowledge of biomedicine into the NPD is through the inclusion of experts in the collaborative process. Here, the information of experts interested in participating is included in a collaborative network to take an active part in the NPD.
Having defined the mechanism to translate the knowledge of biomedicine into a functional language, it is necessary integrates this knowledge into the NPD. The framework described in the next section makes possible this integration.
Knowledge Management framework
After analyzing the principal elements of knowledge management and NPD process as well as the description of formalism for integrating the knowledge of biomedicine into the NPD process, we propose a Knowledge management framework (Fig. 2) in this section to put together all these components. The core of the framework is composed of four principal parts, described below:
1) The NPD process: It describes the phases of NPD and its activities. Each activity uses and produces knowledge, generates problems to be solved and requires actors to functioning effectively.
2) The knowledge management processes: this part describes the different processes in which the knowledge (tacit and explicit) is used in each activity of NPD. These processes are:
a) The problem-solving process: This process tries to solve problems that arise during each activity in the NPD. Also, it aims to capture the tacit and explicit knowledge used during the resolution process in order to be capitalized for future use. This process begins with the network of actors that collaborate to define the problem. The problem can be defined as a desired function to provide or an action to be performed (see section 2.4). Once the problem defined, in next step the actors try to solve the problem using the knowledge and problems that have been faced and resolved in the past using the knowledge management system (KMS). In the last step, the final solution, if it exists, is implemented and incorporated in the KMS to be reused in the future. Also, the knowledge, problems and experiences used and created in this process are capitalized (stored in the KMS). b) Knowledge capitalization: this process is based on the knowledge management process described in section 2.3, and it aims is to capitalize the knowledge used in the different steps of NPD or in the resolution of problems. It also capitalizes the external knowledge of different domains of science, in our case the knowledge of biomedicine, in explicit form to be used in the future. Here, knowledge is described as any method, principle, effect or phenomena that can serve as a model or rule. The process starts with the discovery, collection, analysis and identification of knowledge from the activities and external sources. In the second step, this new knowledge, that in some cases can be combi- ned with existing knowledge stored in the knowledge management system, is transformed into some form that we can able to apply. In the next step, this new knowledge is organized in such way that is stored and easily accessible. In the last step, the new knowledge can be used in the NPD and shared with the collaborative network using, for example, case studies, best practices, guidelines, manuals, publications, meeting or other communication ways. c) Collaborative process: a collaborative network is created with the aim of creating collaborative environments where a research com-munity (called actors) represents, shares and produces new knowledge. The participation of these actors depends on the knowledge needed to execute the activities in the NPD or during the resolution of problems. The actors can be internal, for example, different departments in the organization or an external source, for example, a biomedicine research team.
3) The knowledge management system: This system is used to organize and make readily accessible the knowledge identified in the knowledge management processes. Also, this system allows the interaction among the parts of the framework. It contains three main elements: a) Problem database: In this element is stored the problems that have been previously solved along with their associated solution methods that can serve as a model for future problems. Also, additional information is considered such as the result that describes the success or failure obtained by applying this solution, the date, localization and the actors that take part in the resolution and their recommendation to implement the solution.
b) Knowledge database: in this element the knowledge that has been used and created in the NPD and in the problem-solving process is stored for future use. Knowledge has the following main features: description, type (method, practice, principle, effect, or phenomena), its function, the problem it solves, the desired action that it provides, and those who possess this knowledge. c) Collaborative network: In the production of knowledge, the actors play a significant role. Thus, this element is a database of actors that have participated in the knowledge management processes and the information about them such as personal data, skills, topics of interest, research group to which he/she belongs is captured. This will allow searching for information about who has specific knowledge and skills. It also identifies the collaborators in the organization that have participated in different activities in the NPD as well as the external actor with the knowledge necessary to participate in the NPD.
The knowledge of biomedicine. The aim of this part of the framework is to incorporate the knowledge of biomedicine, considered as an external source of knowledge, into the NPD. This knowledge can be stored in the knowledge management system using the formalism described in the section 2.4 or can also be found in tacit form in a biomedicine collaborative network and used in the problem-solving process.
Framework implementation Fig. 3 shows the process for solving a problem using the knowledge management framework. The process starts identifying an important problem during the NPD process. In the next step, a collaborative team is created to define the problem. Next, to solve the problem, internal resources are used (collaborative team, available knowledge and similar problems). If a solution is found, the solution is applied. Otherwise, we need to search for external knowledge. Here, it is necessary to create a collaborative team with the biomedicine research group, and to use the knowledge of biomedicine (previously adapted to NPD). If no solution can be found with this external knowledge, we are dealing with an inventive problem and then additional methods and tools are needed. In all of these cases, the information of the problem and the collaborative team, as well as the knowledge created during the problem-solving process is stored in the knowledge management system. 
Results
As a result of our research, a knowledge management framework is presented in this article. This framework provides the mechanism to integrate the knowledge of biomedicine, such as principles, experiences, scientific effect and phenomena that are difficult to acquire in engineering science that can be very useful in the NPD process. Also, from our perspective, the knowledge can be created and disseminated trough the problem solving process, the collaborative network, and the Knowledge capitalization process. However without the possibility of storing this knowledge, it cannot be reused. That is the reason why we include the knowledge management system (KMS) in our framework.
Moreover, among the most important advantages of this framework are: 1) It creates the necessary conditions to assist the innovation process through its capacity to identify, preserve, reuse and disseminate knowledge and experiences inside and outside the organization. 2) It promotes the collaboration of external and internal groups of research to work together in the resolution of multidisciplinary problems.
3) It proposes the mechanisms to facilitate the communication of problems between biomedicine and engineering researchers. 4) The problem-solving process could save time, resources and money by preventing the repetition of similar problems that have already been solved.
However, during the development of the framework, we found also that it has some limitations: the success of collaborative participation depends on the selection of appropriated participants. The existence of psychological barriers in organizations and collaborators to share and store in a system their sensitive knowledge that they have accumulated over several years. The implementation of KM system takes some time to be fully operational, but organizations are reluctant to invest time and money into a novel technology that benefits will be obtained in the medium-long term. Another limitation is when an inventive problem appears, that is, when a new problem appears, similar problems to be adapted cannot be found in the problem base or the knowledge of participants in the collaborative network is limited to try to solve it. In this case, there is an evident need for methods and tools to deal with this type of inventive problems.
Conclusion

1.
The framework: given the importance of knowledge in the NPD, in this article, we have focused on the development of a knowledge management framework applied to NPD. This framework provides the elements and mechanisms to integrate the NPD process, the knowledge management process, a knowledge management system, and biomedicine into a cohesive process to acquire new knowledge and manage the existing ones to generate new ideas and to solve problems during the development of new products and processes. Thus, we believe that this framework can offer a great support for the improvement of the NPD.
2. Biomedice in the NPD: by showing how the framework provides the mechanism to capitalize the knowledge of biomedical science, this framework opens up new opportunities to apply biomedicine in the development of innovative products or provides new opportunities for research in diverse areas. For example, in the process of knowledge capitalization on patents, it was found the effect of polymers which can dissolve in the organism once a particular pH value is attained (US Patent US5118528). This effect that has been used for medical purposes for a very long time could provide new applications in other engineering domains that must be explored.
3. Future work: the most interesting of this framework is that it can be used to develop a collaborative platform. Thus, it is expected to integrate the Web 2.0 collaborative technologies and the framework presented in this work to create an open and collaborative innovation platform for biomedicine to facilitate the interdisciplinary collaboration of engineering, biomedicine, and other domains of science to develop new products.
